At the implantation site, the uterine mucosa (decidua) is infiltrated by large numbers of natural killer (NK) cells. These N K cells are in close contact with the invading fetal trophoblast and we have proposed that they might be the effector cells that control the implantation of the allogeneic placenta. Recent characterization of N K cell receptors and their HLA class I ligands has suggested potential mechanisms by which N K cells might interact with trophoblast. However, what happens as a result of this interaction is not clear.
Introduction
Establishment of the human placenta involves a series of events known as implantation, when fetally derived placental cells (trophoblast) invade a modified layer of maternally derived mucosal tissue lining the pregnant uterus (decidua). Because this process results in the intimate admixture of cells from a genetically dissimilar fetus with those of the mother, it was assumed that implantation would be governed by the laws of classical transplantation immunology with a maternal Tcell response to the non-self histocompatibility antigens of the fetal placenta. Surprisingly, recent research reveals the situation to be more complex, in that implantation seems to be influenced predominantly by an unusual and perhaps unique immune system for which the mechanisms have yet to be clearly defined but probably involve natural killer (NK) cells rather than T-cells. An understanding of this process is of great importance to obstetricians because the underlying aetiology of several pathological conditions of pregnancy, such as miscarriage, intra-uterine growth retardation and pre-eclampsia might be due to defective trophoblast-decidua interaction [I] .
Uterine N K cells
At the implantation site, the pregnant uterine mucosa (decidua) is infiltrated by large numbers of lymphoid cells with an unusual morphology and phenotype [2] . They have been referred to as large granular lymphocytes because of the prominent granules in their cytoplasm. Phenotypically, these decidual large granular lymphocytes are CD56'"'ght CD16-, suggesting that they are of N K cell lineage but are distinct from peripheral blood N K cells, which are CD56di" CD16+. T h e total number of these N K cells in the uterine mucosa varies throughout the menstrual cycle. They are sparse during the proliferative phase, increase significantly throughout the secretory phase and remain in high numbers in the decidua during the early stages of gestation. They are particularly abundant in decidua basalis (where the placenta implants) compared with decidua parietalis (away from the implantation site) and come into close contact with the invading placental trophoblast cells. This temporal and spatial association between decidual N K cells and placental trophoblast has led us to propose that their interaction is pivotal in determining the success or otherwise of pregnancy [3] .
NK cell receptors
T h e mechanisms of this NK-cell-trophoblast interaction are not known but the recent identification of N K cell receptors has suggested possible ways in which this can occur. Three families of receptors have been defined from research on peripheral-blood N K cells. T h e first to be described belong to the immunoglobulin superfamily and are known as killer inhibitory receptors (KIRs) because binding to appropriate ligands on target cells leads to the transmission of negative signals to the NK cell that will inhibit cytolysis [4] . Subsequently, other members of the same receptor family were observed to transmit positive signals that would trigger cytolytic functions ; they are therefore known as killer activatory receptors (KARs). Both KIRs and KARs are transmembrane glycoproteins and are distinguished by two distinct transmembrane and cytoplasmic domain arrangements that are responsible for either their activatory or their inhibitory signalling roles. T h e second N K cell receptor family to be described is known as CD94/NKG2 [ S ] . These receptors are encoded by NK-associated genes located closely together as an N K complex that encodes for type I1 membrane glycoproteins with an external lectin-like domain ( N K lectins). CD94 forms heterodimers with members of the NKG2 family. T h e third and latest receptor family to be described is the immunoglobulin-like-transcript ( I L T ) family [6] . Unlike KIRs and CD94/NKG2, the I L T family of receptors are not expressed exclusively by N K cells but are also found on monocytes, macrophages and B cells. There is now evidence that decidual N K cells express the same range of receptors as those described above for peripheral blood N K cells [7] .
Class I molecules as ligands
All these receptors can recognize HLA class I molecules on target cells. Interestingly, the population of trophoblast cells that invade into maternal decidua (extravillous trophoblast) express three HLA class I antigens: HLA-C, HLA-E and HLA-G [8] . The class I locus that seems to be most influential to KIR/KAR function is HLA-C ; two sub-types of KIRs/KARs that recognize all HLA-C alleles as two distinct groups have been characterized [9] . T h e repertoire of KIRs/KARs varies between different individuals. Furthermore, N K cells can be found in individuals that express a particular KIR although the individual does not possess the relevant class I ligand. This argues that NK cells might be capable of allogeneic recognition. The class I ligand for the CD94/ NKG2 receptor family has recently been shown to be HLA-E [lo] . Some members of the I L T family I97 ( I L T 2 and ILT4) have been reported to bind to HLA-G, although this is now questioned [ll] . 
NK cell lysis of trophoblast

Production of cytokines by NK cells
T h e designation 'natural killer' cells is not entirely appropriate because killing is not the only, and might be not even the most important, function of these cells. N K cells are known to produce a variety of cytokines and there is evidence that this production is stimulated by binding to target cells. In this way, N K cells might have a role in various homoeostatic functions, of which haemopoiesis in the bone marrow is the best recognized. In this tissue, the cytokines released by N K cells are thought to regulate the rapidly proliferating and differentiating cells. Trophoblast cells at the implantation site are also rapidly proliferating and differentiating, so it is pertinent to note that decidual N K cells also produce many cytokines; trophoblast expresses receptors for these cytokines, implying that they are potentially capable of responding. Interestingly, the predominant cytokines produced by decidual N K cells are the colony-stimulating factors originally described in the bone marrow, such as granulocyte/macrophage colony-stimulating factor and colony-stimulating factor 1 [14] . T h e pattern of cytokines produced by decidual N K cells tends to be different from that of peripheral-blood N K cells, suggesting that the cytokines produced by the former could have uterus-specific functions. Besides their influence on trophoblast, these cytokines might have important regulatory effects on other cell types in the uterus. A recently described cytokine produced by decidual N K cells is one of the vascular endothelial growth factors (' VEGF '), which could be important in angiogenesis in the uterus [15] .
Conclusion
Although there are many observations suggesting that the control of trophoblast invasion during implantation might be controlled by decidual N K cell recognition of trophoblast HLA class I antigens, direct experimental evidence is tantalizingly unavailable. It is possible that we have not yet found an appropriate assay with which to measure the outcome of this interaction. T h e most frequently used technique in vitro to determine N K cell function is the protection of lysis of target cells by HLA class I expression. T h e identification of activatory as well as inhibitory N K receptors would indicate that the generation of negative 0 2000 Biochemical Society signals might not be the only way for N K cells to respond. Ligation of the activatory receptors leading to cytokine production by N K cells could be a more important function in vivo. In a successful pregnancy, these positive and negative signals would be finely balanced; however, if this equilibrium is disrupted, pregnancy will fail.
